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CHEMISTRY

Frontiers in DNA Synthesis:
Click Chemistry
BY KEVIN KANG ‘18
Figure 1: The formation of
a triazole linkage, shown in
greater detail.
Source: Taken with permission
from http://www.atdbio.com/
content/23/Click-chemistryand-nucleic-acids
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Background
Every organism is the result of the
expression of its genetic code. Given that gene
expression is so critical for biological systems, it
is no surprise that lab researchers have sought
to develop new methods of DNA synthesis and
assembly. These methods have had important
ramifications for the fields of cell biology,
biotechnology, synthetic biology, and the
application thereof (1). So far, DNA synthesis
has been successfully applied to individual
genes and entire organism genomes, but the
results have been suboptimal (1). The traditional
method of gene synthesis involves enzymatic
amplification and ligation (1). In this method,
oligonucleotides (which are typically 10 to 20
base pairs in length) are chemically synthesized
and then assembled by enzymes to make genes
and genomes. Specifically, the method entails
assembling large DNA strands from short
oligonucleotide chains with ligases, followed by
using a final polymerase chain reaction (PCR) to
increase yield of the desired piece.
The traditional method’s greatest strength
is that it follows the biological pattern of joining
oligonucleotides by phosphodiester bonding.
Its shortcoming, however, is that it can only
synthesize 100 bases at a time. Synthesizing
long strands (i.e. more than 100 bases) leads to
frequent errors and poor yields (1). Yet, by using
enzymes like ligases and polymerases to build
long strands from synthetic oligonucleotides,
this method is used routinely to make very
long DNA strands: up to an entire genome of

an organism. Until today, over a million base
pairs worth of genes have been assembled by
this technique (1).
Nevertheless, the final PCR step represents
a major drawback of the current method because
epigenetic information is erased during the PCR
reaction (1,3). Epigenetic information refers to
a secondary layer of genetic information (the
primary layer being the nucleotide sequence)
that controls gene expression via mechanisms
like methylation, histone modification, and
RNA-associated silencing, which switches genes
on and off (3). Epigenetic modification thus helps
determine which of our traits will manifest in
our phenotypes, without directly altering the
DNA sequence. Traditional methods of DNA
strand synthesis that do not include epigenetic
mechanisms do not preserve epigenetic
information. Lastly, the traditional methods of
synthesis involving enzymatic ligation is more
difficult to automate and thus tends to require
more time, cost, and effort than the following
method developed by scientists at the University
of Southampton.

Using Click Chemistry to Improve
Upon Existing DNA Synthesis
Methods
Reactions that use click chemistry are
characterized by stereospecificity, air and
moisture insensitivity, high yield, and can be
performed in benign solvents (4). The concept
of Click Chemistry was pioneered by K.B.
Sharpless, a Dartmouth College undergraduate,
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in 2001. Click chemistry is ideal for the efficient
conjugation of small molecular units quickly
and reliably, under simple reaction conditions
(4,5). Sharpless’ click chemistry method works
by linking synthetic nucleotides into long DNA
segments, eliminating the PCR step and therefore
preventing the loss of epigenetic information
(1). Additionally, it is easier to automate the
Sharpless method than the traditional method –
leading to faster DNA yield (1).
Researchers at the University of
Southampton in Southampton, England have
developed a Click Chemistry-based method
of DNA synthesis using a reaction between
an azide and alkyne that forms a triazole via a
copper catalyst (Figure 2) (5). In this technique,
particular functional groups at each terminus are
used to join synthetic oligonucleotides together
to assemble longer DNA pieces (1). There are
other click chemistry reactions besides the
triazole reaction, but for DNA strand synthesis,
the classic click chemistry reaction using copper
azide-catalysed-alkyne cycloaddition (CuAAC)
reaction is the best yielding (4,5).
The current limit for assembly with
chemical methods other than the azide-alkyne
method is about 150-200 bases. Beyond this
base pair length, these other chemical reactions
suffer from side reactions, low coupling
efficiency, and poor overall reaction yields (4).
Base lengths beyond 150-200 bases also need
multiple ligation reactions and large excesses
of primers, making these procedures costly.
The CuAAC reaction overcomes these problems
since it can be reliably performed using cheap,
commercially available reagents. Moreover, the
CuAAC method is advantageous because azide
and alkyne functionalities can be introduced
easily (4).
In the method developed at University of
Southampton, a catalyst facilitates the formation
of covalent bonds between oligonucleotides. The
self-templating property of DNA is responsible
for annealing the fragments in the correct
order and bringing the functional groups in
proximity, allowing for bond formation to
occur. Nevertheless, at each site of ligation there
is a chemical “scar”—a result of the CuAAC
reaction. Until recently it was not known how
these “scars” in the DNA backbone would
affect important DNA-related processes like
replication and transcription (1).
However, the research group at University
of Southampton has demonstrated that DNA
formed by their Click Chemistry method is
able to correctly replicate and transcribe in
vivo; the “scars” are not detrimental to DNA
function (Figure 1) (1). More specifically, the
researchers used Click Chemistry CuAAC bonds
to synthesize the 335 base-pair gene for the
green fluorescent protein iLOV. Ten functional
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oligonucleotides that contain 5’-azide and
3’-alkyne units were used to synthesize this
gene. The iLOV gene hence created contained
eight triazoles at the sites of chemical ligation,
which are chemical “scars”. Yet, this gene was
perfectly functional and biocompatible, since it
was replicated by DNA polymerases in vitro and
even encoded a fully functional iLOV protein in
E. coli bacteria. These experiments confirmed
that the new chemical one-click ligation method
prepares authentically functioning genetic
material.
In conclusion, the researchers at University
of Southampton linked the oligonucleotides,
each functionalized with a 3’-propargyl
and a 5’-methylene azide group, via the
CuAAC reaction for gene synthesis (1). The
resulting iLOV gene from ten functionalized
oligonucleotides was biocompatible, despite the
triazole linkers. This work proves that enzymefree gene assembly is feasible, functions
normally, and should direct efforts from the
traditional method which utilizes enzymatic
ligation and PCR to a method based fully on
chemical synthesis (1). D

“Sharpless'
click chemistry
method works by
linking synthetic
nucleotides into
long DNA segments,
eliminating the PCR
step and therefore
preventing the
loss of epigenetic
information.”
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Figure 2: The click chemistry
reaction used at the University
of Southampton.
Source: Taken with permission
from http://www.atdbio.com/
content/23/Click-chemistryand-nucleic-acids
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